Objective: We investigated the auditory and visual working memory functioning in college students with attention-deficit/hyperactivity disorder, learning disabilities, and clinical controls. We examined the role attention-deficit/hyperactivity disorder subtype status played in working memory functioning. The unique influence that both domains of working memory have on reading and math abilities was investigated. Method: A sample of 268 individuals seeking postsecondary education comprise four groups of the present study: 110 had an attentiondeficit/hyperactivity disorder diagnosis only, 72 had a learning disability diagnosis only, 35 had comorbid attention-deficit/hyperactivity disorder and learning disability diagnoses, and 60 individuals without either of these disorders comprise a clinical control group. Participants underwent a comprehensive neuropsychological evaluation, and licensed psychologists employed a multi-informant, multi-method approach in obtaining diagnoses. Results: In the attention-deficit/hyperactivity disorder only group, there was no difference between auditory and visual working memory functioning, t(100) = −1.57, p = .12. In the learning disability group, however, auditory working memory functioning was significantly weaker compared with visual working memory, t(71) = −6.19, p < .001, d = −0.85. Within the attention-deficit/hyperactivity disorder only group, there were no auditory or visual working memory functioning differences between participants with either a predominantly inattentive type or a combined type diagnosis. Visual working memory did not incrementally contribute to the prediction of academic achievement skills. Conclusion: Individuals with attention-deficit/hyperactivity disorder did not demonstrate significant working memory differences compared with clinical controls. Individuals with a learning disability demonstrated weaker auditory working memory than individuals in either the attention-deficit/hyperactivity or clinical control groups.
Introduction
A substantial research literature suggests that attention-deficit/hyperactivity disorder (ADHD) affects individuals across the lifespan. Longitudinal studies show that approximately 65% of children with ADHD continue to experience significant symptoms in adulthood (Barkley et al., 2002; Faraone, Biederman, & Mick, 2006; Polanczyk & Rohde, 2007) . However, the resultant neurocognitive functioning and symptom profiles may differ between children and adults (Moffitt et al., 2015) . Individuals with ADHD also demonstrate various academic difficulties, including higher incidence of grade retention, lower grade-point averages, and decreased graduation rates (Barkley, Fischer, Smallish, & Fletcher, 2006; Heiligenstein, Guenther, Levy, Sevino, & Fulwiler, 1999; Mannuzza, Klein, Bessler, Malloy, & LaPadula, 1993 ). Yet, ADHD is the fastest growing disability category on college campuses, and these individuals are the second most common group requesting postsecondary academic accommodations (United States Government Accountability Office, 2009 Office, , 2011 .
Despite the growing prevalence of college students with ADHD, little research has been conducted on this unique subset of adults. Previous investigations have shown that the neurocognitive and academic impairments observed in children with ADHD may not be applicable to college students with ADHD (Frazier, Youngstrom, Glutting, & Watkins, 2007; Glutting, Monaghan, Adams, & Sheslow, 2002; Heiligenstein, Conyers, Berns, & Smith, 1998; Heiligenstein et al., 1999; Kessler et al., 2006; Shaw-Zirt, Popali-Lehane, Chaplin, & Bergman, 2005) . It follows that research findings in children and general adult ADHD should not be generalized to college students with ADHD due to the different set of stressors and experiences inherent in postsecondary education that are not present outside of college and university settings. Moreover, it has been proposed that adults with ADHD who do attend college may possess stronger neurocognitive abilities than those who do not (Glutting, Youngstrom, & Watkins, 2005) . Thus, the developmental course of ADHD as it affects neurocognitive and academic functioning requires more investigation in order to appropriately account for the developmental changes taking place within individuals with the disorder as they age and participate in the college experience.
One of the most pressing goals of ADHD research is to identify objective indicators of the disorder to use in the diagnostic process. Currently, there is no clinical "gold standard" for ADHD assessments, and they vary greatly among clinicians. Some assessments rely exclusively on standardized rating scales, whereas others include comprehensive neurocognitive testing, structured diagnostic interviews, and behavioral observations. Relying solely on questionnaire data may be particularly problematic when assessing college-aged adults who are seeking academic accommodations and/or stimulant medications. Considering that it is easy to exaggerate symptoms on self-report measures (Fisher & Watkins, 2008) and that there are incentives to do so (e.g., extended testing time, access to medication), identifying objective indicators of ADHD is important to maintain diagnostic fidelity and fairness in the academic environment. A recent review of the literature illustrates that symptom exaggeration and suboptimal effort are significant problems in college ADHD evaluations (Musso & Gouvier, 2014) . Some of these reviewed studies suggest that nearly 50% of clients seeking college ADHD evaluations failed at least one section of a performance validity test (e.g., Sullivan, May, & Galbally, 2007) . Research has also shown that a substantial percentage (5.3%-34%) of college students engage in nonmedical stimulant use, suggesting diversion of ADHD medications to be a significant problem on college campuses (DuPaul, Weyandt, O'Dell, & Varejao, 2009; Weyandt et al., 2013) .
Individuals with ADHD may demonstrate neurocognitive functioning deficits relative to individuals without the disorder, including impairments in attention, executive functioning, learning, and working memory (WM; Barkley & Murphy, 2010; Biederman et al., 2008; Frazier, Demaree, & Youngstrom, 2004; Fuermaier et al., 2013a Fuermaier et al., , 2013b Fuermaier et al., , 2015 Hervey, Epstein, & Curry, 2004; Martinussen, Hayden, Hogg-Johnson, & Tannock, 2005; Schoechlin & Engel, 2005; Tucha et al., 2005 Tucha et al., , 2006 . Indeed, deficits in WM have been proposed as a core feature of the disorder (Rapport, Chung, Shore, & Isaacs, 2001; Rapport et al., 2009) . Not surprisingly, the vast majority of research on WM in ADHD has been conducted in children. Martinussen et al. (2005) utilized meta-analysis techniques to investigate visual and auditory WM deficits in children with ADHD. Their results indicated that visual WM (VWM) was weaker than auditory WM (AWM) across the studies surveyed. More specifically, the Cohen's d effect size of the difference in VWM performance between the children with ADHD and the control group was 1.06, whereas the effect size of this difference in AWM performance was only 0.43. These data suggest that VWM abilities may be much weaker than AWM for individuals with ADHD, and this relative difference in ability may be one objective indicator of ADHD if similar results are found in adults with ADHD.
In adults, recent research suggests poor WM ability to be a core neurocognitive functioning deficit of ADHD as well. To our knowledge, however, there have been no studies of adults with ADHD that has directly compared AWM and VWM abilities within the same group(s). Still less research has examined these variables concurrently in college students. Alderson, Kasper, Hudec, and Patros (2013) completed a recent meta-analysis investigating AWM and VWM performance in adults with ADHD and found that both were moderately weaker compared with individuals without ADHD. Hervey et al. (2004) also completed a meta-analysis of the neurocognitive deficits exhibited by adults with ADHD and found that AWM, but not VWM, was weaker. Finally, Frazier et al. (2004) identified WM in general to be significantly different for individuals with ADHD than for those without the disorder. Considered together, the extant research on WM ability in adults with ADHD suggests that weaknesses in this domain represent a core feature of the disorder and may partially explain the functional impairments experienced by college students with ADHD.
Working memory has justifiably garnered significant research attention due to its important role in many other neurocognitive and academic functioning domains. More specifically, WM is critical for academic learning and reasoning and is associated with reading comprehension, following a conversation, and problem-solving, skills necessary to meet the challenges of postsecondary education (Baddeley, Gathercole, & Papagno, 1998; Baddeley & Hitch, 1994) . Thus, it follows that college students with ADHD with deficits in WM experience difficulties whereas attending university that unaffected students do not.
However, college students with ADHD often experience additional difficulties that affect their WM and academic performance due to the presence of a comorbid learning disability (LD). Indeed, a significant proportion (approximately 40%) of individuals with ADHD have a comorbid LD that may serve to exacerbate the detrimental outcomes associated with ADHD (Willcutt, Pennington, Olson, & DeFries, 2007) . Learning disabilities alone are associated with academic failure, neurocognitive functioning weaknesses, and poor psychosocial and occupational outcomes in adulthood (Klassen, Tze, & Hannock, 2013) . Similar to the neurocognitive functioning profiles of individuals with ADHD, LD is strongly associated with WM (Swanson & Siegel, 2001; Peng & Fuchs, 2016; Willcutt et al., 2007) . Some authors even suggest that LD is primarily a WM deficit, and weaker WM functioning may be a primary cause of the math and reading difficulties experienced by individuals with LD (Swanson & Hsieh, 2009; Swanson & Siegel, 2001 ). Similar to ADHD, the WM deficits in LD persist into adulthood (Swanson & Hsieh, 2009) .
Despite the growing rates of college students with ADHD and/or LD, the majority of WM research in reading and math performance in these populations has investigated only the contributions of AWM, and the influence of VWM has not been routinely studied. As emphasized by Hunsley (2003) , establishing the incremental validity of clinical assessment data is crucial to ensuring that clinical assessments are soundly grounded in empirical research findings. Thus, the inclusion of analyses investigating the role VWM plays in reading and math performance in college-aged adult ADHD assessments is a crucial component in establishing the assessments' clinical utility and incremental validity. To our knowledge, no studies to date have investigated this topic in college students with ADHD and/or LD.
Extant research in adult ADHD and WM generally includes three important limitations. First, the presence of comorbid LD is often not accounted for properly. Given that a substantial proportion of individuals with ADHD also have an LD, inadequately accounting for the presence of LD in adults with ADHD may potentially misattribute variance in WM ability to other neurocognitive functioning deficits or fail to measure it at all. The second limitation evident in extant adult ADHD research is the lack of investigation of potential WM differences between ADHD subtypes (Willcutt et al., 2012) . Because previous research supports the notion that ADHD subtypes present unique neurocognitive profiles (Mostert et al., 2015) , understanding the degree to which WM abilities differ or are the same across ADHD subtypes is crucial to gaining a more complete understanding of the disorder's effects on college students. Overall, empirical findings on adult ADHD subtype differences are mixed and continued investigation of their contributions to the neurocognitive functioning of individuals with the disorder is warranted (see Gansler et al., 1998 for evidence of subtype differences and Murphy, Barkley, & Bush, 2001 for research finding no subtype differences). The last primary limitation in this literature is the lack of inclusion of clinical control populations against which individuals with ADHD and LD can be compared. Barkley, Murphy, and Fischer (2008) argued that comparing ADHD groups against clinical controls is the only way in which sensitive neuropsychological assessment indicators can be identified because such comparisons will distinguish unique areas of abnormal functioning in ADHD from those of other psychiatric disorders. Similarly, comparing ADHD groups to non-clinical or normal controls in the absence of clinical controls is problematic because these analyses are not able to appropriately investigate whether ADHD differentiates clinical groups.
The present study sought to further the research on college students with ADHD and LD in several ways. First, we investigated the differences in AWM and VWM functioning in college students with ADHD, LD, comorbid ADHD and LD, and clinical controls. Second, we investigated the role, if any, ADHD subtype status plays in WM functioning. And finally, we sought to better understand the unique influence both domains of WM have on reading and math abilities.
Methods

Participants
A sample of 268 adolescents and adults comprised four groups of the present study. All of these individuals were seeking postsecondary education in some form. That is, individuals in their final year of high school who had gained admission to college (n = 36), current college students (n = 207), and individuals applying to or attending graduate school (n = 25) were included. Study groups did not differ on participant age, F(3, 264) = 1.89, p = .13. No differences in the distribution of participant gender were found between study groups, χ 2 (3, N = 268) = 2.79, p = .43. Ethnicity characteristics of the sample were as follows: Caucasian, n = 227; African American, n = 19; Hispanic, n = 8; Asian, n = 5; Multiracial, n = 5; American Indian, n = 1; Other, n = 3. Chi-square analysis showed that the ADHD only and comorbid ADHD and LD groups were significantly more likely to contain Hispanic individuals relative to other study groups, χ 2 (18, N = 268) = 32.68, p = .018. Each participant underwent a comprehensive neuropsychological evaluation at a university-based clinic to determine postsecondary disability eligibility. Licensed psychologists employed a multi-informant, multi-method approach in obtaining diagnoses. The evaluations included a clinical/diagnostic interview; review of the participant's history (including developmental, medical, academic, and social background) and available relevant documentation; assessment of neurocognitive functioning and academic skills; behavioral observations; completion of self-and collateral-report (when possible) standardized, normreferenced social-emotional rating scales and a criterion-based ADHD screener. Evaluations were completed over 2 days and included 8-10 hr of assessment. The clinical/diagnostic interviews were developed by clinical staff and included assessment of each participant's presenting problem(s), relevant background information, and symptoms of psychopathology. Special consideration was given toward ruling out alternative diagnostic explanations for ADHD and LD symptoms.
For all study groups, participants could not have any comorbid diagnoses excepting anxiety and/or mood disorders. Individuals with a comorbid diagnosis of something other than an anxiety and/or mood disorder were removed from the sample in order to ensure that any potential variance in participants' AWM and VWM abilities could reasonably be inferred to be resultant of ADHD or LD. Comorbid anxiety and/or mood disorders were allowed due to their relatively common cooccurrence (Kessler et al., 2006) .
As mentioned previously, due to the significant rates of suboptimal effort in college students participating in postsecondary disability evaluations, it is important to control for this possibility when conducting research with these groups. In order to ensure that study results can be reasonably inferred to be resultant of study group status rather than inadequate effort, 26 potential participants (of the 294 individuals considered for participation) who scored ≤6 on Reliable Digit Span (RDS) were excluded from the current study. Reliable Digit Span is one of the oldest and most heavily researched embedded performance validity tests available to clinicians and has been shown to effectively discriminate between individuals providing adequate effort and individuals providing suspect effort (Boone, 2007; Jasinski, Berry, Shandera, & Clark, 2011) . Additionally, RDS has been found to be a sensitive indicator of symptom validity for persons with LD, making its use in the current study especially relevant (Harrison & Armstrong, 2014) . Participants' RDS scores were obtained by summing the longest string of digits repeated without error for both the Digits Forward and Digits Backward conditions of the Wechsler Adult Intelligence Scale, Fourth Edition (WAIS-IV; described subsequently). Recent research indicates that the cutoff score of ≤6 achieves desired sensitivity and specificity rates for the clinical groups of the current study (Schroeder, Twumasi-Ankrah, Baade, & Marshall, 2012) .
Participants with ADHD. A total of 101 individuals (51 women and 50 men) with an average age of 21.92 years (SD = 5.32) comprised this group. Forty-three participants received a predominantly inattentive type diagnosis, 53 a combined type diagnosis, 4 an ADHD not otherwise specified diagnosis, and 1 a predominantly hyperactive-impulsive type diagnosis. For inclusion in this group, participants had to have received a diagnosis of ADHD using Diagnostic and Statistical Manual of Mental Disorders (4th, text rev. and 5th eds.) and University System of Georgia (see http://www.usg.edu/academic_affairs_ handbook/ for further information) criteria using the best practices approach described previously. Data obtained from multiple informants and multiple assessment measures, including self-and collateral-report norm-referenced narrow band ADHD rating scales, in addition to ADHD screeners, were used for this group. The multiple informants and multiple assessment measure method has been argued to be the most effective means by which accurate diagnoses of ADHD are obtained (Barkley, 2015; Gibbins & Weiss, 2007) .
Participants with LD. This group consisted of 72 individuals (45 women and 27 men) with an average age of 21.32 years (SD = 6.10). Twenty-seven individuals received a diagnosis of LD in reading, 13 in math, 1 in written expression, 6 in reading and math, 15 in reading and written expression, 1 in math and written expression, and 9 in reading, math, and written expression. In order to be included in the LD group, participants were required to meet University System of Georgia criteria for LD (see http://www.usg.edu/academic_affairs_handbook/ for further information) and qualified as individuals with disabilities under the American with Disabilities Act and its amendments (ADA, 1990 (ADA, , 2008 . Briefly, these criteria were based on a psychological processing model of defining LD, which required a clear history of academic impairment and identification of a psychological processing deficit that was meaningfully associated with the area of academic impairment.
Participants with comorbid ADHD and LD. Individuals who received both an ADHD and LD diagnosis (n = 35; 21 women and 14 men) comprised the third group of the current study. Average age was 21.00 years (SD = 3.93). Within this group, 10 individuals had an LD in reading, 6 in math, 2 in reading and math, 10 in reading and written expression, and 7 reading, math, and written expression. Again, ADHD and LD diagnoses were made by licensed psychologists and the previously discussed inclusion criteria of both disorders were required to have been met.
Clinical control participants. Sixty individuals without a diagnosis of either ADHD or LD but who may have received another diagnosis constituted the clinical control group. Average age was 23.48 years (SD = 7.58). Participants in this group underwent the same comprehensive neuropsychological evaluations as participants in the other study groups. Broadly, clinical control participants received the following diagnoses: no diagnosis, n = 24; anxiety disorders, n = 10; mood disorders, n = 14; major or mild neurocognitive disorder, n = 5; autism spectrum disorder, n = 4; adjustment disorder, n = 2; communication disorders, n = 1.
Instruments
Working memory. Participants in all study groups completed the Working Memory Index (WMI) of the WAIS-IV (Wechsler, 2008a) , and this constituted the study's measure of AWM. Two subtests comprise the WAIS-IV WMI and both are considered measures of AWM: Digit Span and Arithmetic. Digit Span is comprised of three conditions that task the examinee with repeating various series of numbers delivered orally by the examiner in particular patterns. Arithmetic tasks the examinee with mentally solving a series of orally presented arithmetic problems within allotted time limits. The problems on the Arithmetic task increase in difficulty as the examinee progresses through the subtest. The WMI demonstrates adequate overall reliability (r = .94; Wechsler, 2008b) .
The current study's measure of VWM was the Visual WMI of the Wechsler Memory Scale, Fourth Edition (WMS-IV VWMI; Wechsler, 2009a) . Two subtests comprise the WMS-IV VWMI and both measure VWM: Spatial Addition and Symbol Span. Spatial Addition is a visual addition task during which the examiner shows the examinee, sequentially, two grids with blue and red circles for 5 s. The examinee then adds or subtracts the location of the circles based on a set of rules. For Symbol Span, the examinee is briefly shown a series of abstract symbols on a page and then is asked to select the symbols from an array of symbols in the same order they were initially presented. The VWMI demonstrates adequate overall reliability (r = .93; Wechsler, 2009b) .
Reading and math skills. Participants in all groups were administered various subtests of the Woodcock-Johnson Tests of Achievement (WJ III/IV ACH; Woodcock, McGrew, & Mather, 2001; to assess reading and math fluency and math calculation skills. As these data were acquired on a rolling basis, the clinic at which the assessments took place switched to the newer version of the WJ ACH upon its publication; the subtests are functionally identical and many of the items used on WJ III ACH were used in WJ IV ACH. The Comprehension section of Form H of the Nelson-Denny Reading Test (NDRT; Brown, Vick Fishco, & Hanna, 1993a ) was administered to assess reading comprehension.
One hundred and twenty-nine participants were administered the Reading Fluency subtest of WJ III ACH and 139 the Sentence Reading Fluency subtest of WJ IV ACH. These subtests measured the examinee's ability to read simple sentences quickly and indicate if they were true or false. Both the WJ III ACH version (r = .90; Woodcock et al., 2001 ) and the WJ IV ACH version (r = .93; ) demonstrate adequate reliability. Examinees' reading comprehension was measured by the NDRT Comprehension subtest. On this subtest, examinees silently read brief passages of text and then answered a set of multiple-choice questions about the passages. This subtest demonstrates adequate reliability (KuderRichardson 20 = .85 to .94; Brown, Vick Fishco, & Hanna, 1993b) .
Math fluency was assessed with the Math Fluency subtest of WJ III ACH (n = 129) and the Math Facts Fluency subtest of the WJ IV ACH (n = 139). Both the Math Fluency subtest of the WJ III ACH (r = .86) and the Math Facts Fluency subtest of WJ IV ACH (r = .93) demonstrate adequate reliability. These measures require the examinee to solve as many simple arithmetic problems as possible in 3 min. Math calculation skills was assessed using the Calculation subtests of the WJ III/IV ACH. On the WJ III ACH version, Calculation demonstrates adequate reliability (r = .86; Woodcock et al., 2001 ). On the WJ IV ACH version of Calculation, the subtest also demonstrates adequate reliability (.93; . For these subtests, the examinee solves by hand as many math problems as possible; the presented problems gradually increase in difficulty as the examinee advances through the subtest.
General intellectual functioning. The WAIS-IV General Ability Index (GAI; Wechsler, 2008a) measured each participant's general intellectual functioning. The WAIS-IV uses 10 core subtests that yield 4 Index scores. These indices include, Verbal Comprehension, Perceptual Reasoning, WM, and Processing Speed. The GAI is formed using the Verbal Comprehension and Perceptual Reasoning indices. The GAI demonstrates excellent overall reliability (r = .97; Wechsler, 2008b) . The GAI was included as a covariate in analyses because it is less strongly associated with WM than is the Full Scale Intelligence Quotient, which is formed using all four WAIS-IV indices. As the GAI is less sensitive to the influence of processing speed and WM than is the FSIQ, it has been suggested as a more appropriate indicator of general intellectual functioning for individuals who are prone to experiencing processing speed and WM weaknesses (e.g., individuals with ADHD; Wechsler, 2008b) . Controlling for the variance of GAI in AWM and VWM performance allowed the current study to be able to attribute WM findings to that of the WM construct and not to general intellectual functioning. That is, any WM functioning results found could reasonably be inferred to be a result of actual WM processes and not the result of other, related processes.
Procedures
Internal Review Board approval was obtained prior to conducting the current study, and all participants provided written informed consent. Data obtained from the comprehensive neuropsychological evaluations (detailed earlier) were archival making this a convenience sample. All evaluations were completed prior to the formulation of the hypotheses of the current study.
Statistical Analyses
Analyses of covariance (ANCOVA) included study group (e.g., ADHD only, LD only, etc.) as the independent variable, AWM and VWM functioning as dependent variables, and WAIS-IV GAI as the continuous covariate. The LD only group was not stratified by LD type because each subtype of LD was represented by a relatively small number of individuals, providing insufficient power to carry out the analyses described herein as separate groups. Paired-sample t-tests analyzed withingroup characteristics of AWM and VWM functioning. Cohen's d was calculated to estimate effect size where appropriate. The general linear model (GLM) was used to regress reading and math abilities on group status, GAI, and AWM and VWM functioning as a way to test the incremental contribution of each variable. Virtually all previous research investigating these two facets of WM has focused on AWM primarily, so its inclusion first in the model was done in order to investigate how much influence VWM has on academic achievement skills after AWM's contribution. The GLM was utilized because of the inclusion of both categorical and continuous variables. Significance was set at p < .05 for all analyses. Table 1 contains results from the ANCOVA analyses. Results showed that group status did not exhibit an overall significant effect on VWM functioning after controlling for GAI, F(3, 263) = 1.10, p = .35. Analysis of covariance demonstrated that there was a significant effect of group type on AWM functioning after controlling for the effects of GAI, F(3, 263) = 9.59, p < .001. The LD only group demonstrated significantly weaker AWM functioning than the ADHD only group (p = .002) and the clinical control group (p < .001). The comorbid ADHD and LD group had significantly weaker AWM functioning than the ADHD only (p = .037) and clinical control groups (p = .002).
Results
ANCOVA Analyses of Study Group Effects on WM Functioning
Paired-Samples t-Tests of AWM and VWM Functioning Within Study Groups
Within-group differences on AWM and VWM functioning were assessed using paired-samples t-tests for each study group. In the ADHD only group, there was no difference between AWM and VWM functioning, t(100) = −1.57, p = .12. In the LD group, however, AWM functioning was significantly weaker compared with VWM, t(71) = −6.19, p < .001, d = -0.85. Similar results were found in the comorbid ADHD and LD group, such that AWM was significantly weaker than VWM functioning, t(34) = −2.56, p = .015, d = −0.53. Finally, the clinical control group did not exhibit a significant difference between AWM and VWM functioning, t(59) = 0.34, p = .74, d = 0.05. Notes: Values are given as mean (SD). Standard errors converted to SD by multiplying the standard error by the square root of the sample size (SD = SE × √ N). ADHD = attention-deficit/hyperactivity disorder group; LD = learning disabilities group; ADHD + LD = comorbid ADHD and LD group; Clinical control = Clinical control group; AWM = Auditory Working Memory; VWM = Visual Working Memory; WAIS-IV = Wechsler Adult Intelligence Scale, Fourth Edition. *p < .001; ns = not significant.
ADHD Subtype Analyses
ADHD only group. Among the ADHD only group, nonsignificant subtype group effects were found in ANCOVA analyses of AWM functioning that controlled for participant GAI, F(1, 93) = 0.67, p = .41. For VWM functioning, ANCOVA analyses also did not show a significant main effect of ADHD subtype (F(1, 93) = 0.02, p = .88). Within-group comparison of participants with a predominantly inattentive type ADHD diagnosis in the ADHD only group showed that there was no difference between participant AWM functioning (M = 96.40, SD = 12.12) and VWM functioning (M = 99.79, SD = 13.96), t(42) = −1.63, p = .11. Similar nonsignificant differences between AWM (M = 99.32, SD = 12.49) and VWM functioning (M = 100.66, SD = 14.39) were found for participants with an ADHD combined type diagnosis, t(52) = −0.68, p = .50.
Comorbid ADHD and LD group. In the comorbid ADHD and LD group, after controlling for the effects of GAI, no significant main effect of ADHD subtype was found for AWM functioning, F(1, 28) = 3.58, p = .07. Individuals with a diagnosis of ADHD inattentive type (M = 91.58, SD = 8.70) did not demonstrate AWM functioning differences compared with the AWM functioning of individuals with an ADHD combined type diagnosis (M = 86.53, SD = 7.92). For VWM functioning, no significant main effect of ADHD subtype was revealed, F(1, 28) = 1.84, p = .19. There was no difference between the VWM functioning of individuals with an inattentive type (M = 96.58, SD = 10.90) and combined type diagnoses (M = 94.00, SD = 9.49).
Within-group comparison of participants in the comorbid ADHD and LD group with an inattentive type diagnosis did not demonstrate a difference between AWM (M = 91.58, SD = 8.70) and VWM functioning (M = 96.58, SD = 10.90), t(11) = −1.54, p = .15. Participants in the ADHD combined type group, however, presented significantly weaker AWM (M = 86.53, SD = 7.92) compared with VWM functioning (M = 94.00, SD = 9.50), t(18) = −3.15, p = .006, d = 0.85.
GLM Analyses of AWM and VWM on Predicting Reading and Math Skills
Potential interactions of study groups with GAI and AWM and VWM functioning were modeled in each of the subsequent analyses because it is reasonable that the effect of group and/or GAI depends on AWM and VWM functioning and vice versa. Significant interactions such as these would suggest that there exist unique group differences requiring separate analysis to parse apart the unique contributions of each variable to reading and math skills. Results from the current study, however, showed that there were no such interactions. These findings allowed us to interpret the following GLM results using the total study sample rather than each group.
The results of AWM and VWM contributions to the prediction of these academic achievement outcomes are contained in Table 2 . For reading fluency, neither the inclusion of AWM (p = .07) nor VWM functioning (p = .76) significantly influenced participants' abilities once the effects of study group and GAI were included in the model. Similar, nonsignificant contributions of AWM (p = .31) and VWM functioning (p = .07) were found for reading comprehension abilities. For math fluency, however, the addition of AWM functioning to the prediction model had a statistically significant effect (p < .001) beyond that of study group status and GAI such that GAI was removed from the model; VWM functioning did not demonstrate such an effect. The effect of AWM functioning (p < .001) on participants' math calculation abilities made a statistically significant contribution beyond those of study group status and GAI but VWM (p = .65) did not.
Discussion
Results from the current study contribute to the empirical research on the unique neurocognitive functioning of college students with ADHD and/or LD. Relative to investigations of children and adults in general with ADHD, very little research has examined these variables in college students specifically, and the extant literature demonstrates mixed findings. To address the question of whether there exist differences between AWM and VWM functioning among these individuals, we designed the current study to permit both between-and within-groups comparisons. The current study allowed us to compare individuals with ADHD only, LD only, comorbid ADHD and LD, and clinical controls on all variables of interest.
Comparison of Groups on AWM and VWM Functioning
Analysis of between-groups differences revealed that the LD only and comorbid ADHD and LD groups, but not the ADHD only group, demonstrated weaker AWM functioning compared with the clinical control group. In fact, individuals in the ADHD only group possessed stronger AWM functioning than both the LD only and comorbid ADHD and LD groups. However, no study groups demonstrated significantly different VWM functioning compared with the clinical control group or in comparison with one another. Interestingly, within-groups analyses of the ADHD only group showed that there was no difference between AWM and VWM functioning. These results differ from those found by Martinussen et al. (2005) , which showed that children with ADHD possessed significantly weaker VWM compared with AWM. As the current study did not find this difference, it may not function as a diagnostic indicator for groups similar to those of the current study when measured this way.
We hypothesize that the current study may not have found significant WM deficits in the ADHD only group due to potential differences in neurocognitive functioning of college-seeking or college-attending adults with ADHD compared with adults with the disorder who do not pursue postsecondary education. It has been proposed that college students with ADHD possess stronger neurocognitive functioning than do other adults with the disorder (Glutting et al., 2005) . This research suggests that the individuals in the ADHD only group of the current study may even experience milder forms of the disorder, and thus not demonstrate significant WM issues, which in turn may help them to pursue postsecondary education. The results of the current study and those of Martinussen et al. (2005) provide evidence that there exist significant differences between the neurocognitive functioning profiles of college students with ADHD and that of children with ADHD, suggesting the results and clinical implications of child ADHD research should not be generalized to adults with the disorder. Additionally, Martinussen et al. (2005) postulated that VWM might have been more deficient than AWM due to the involvement of the cerebral right hemisphere, an area implicated in ADHD. More recent neuroimaging research, however, suggests that VWM in ADHD is functionally bilateral and consists of widespread neural networks (Bollman et al., 2015; van Ewijk et al., 2015) .
In comparison to extant adult ADHD research, the current study findings of no AWM or VWM differences in the ADHD only group differs from the meta-analytic results of Alderson and colleagues (2013) . These authors found that both AWM and VWM were weaker relative to the AWM and VWM of a truly normal control group; the current study did not find such differences in comparison to a clinical control group. It is also possible the current study results differ from those of Alderson et al. (2013) due to differences in the tasks used to measure WM. That is, Alderson et al. (2013) showed that differences in WM were found as a function of the WM task, with more complex tasks eliciting larger effect size differences. As the WM tasks used in the current study are relatively simple compared to tasks used more often in research settings (e.g., N-back, PASAT), the results of the current study may be predictably different from those of Alderson et al. (2013) . Of note, the effect Martinussen et al. (2005) . Alderson et al. (2013) argued that, because ADHD-related hyperactivity is predominantly associated with VWM (Rapport et al., 2009 ) and symptoms of hyperactivity decrease with advancing age (Biederman, Mick, & Faraone, 2000) , this difference in effect likely parallels the phenotypic changes observed in adults with the disorder. Furthermore, there exists the possibility that the current study did not find WM difficulties in the ADHD only group because the ecological validity of the tools used in the current study to measure the WM construct has been argued to be minimal (see Barkley, 2012) . The manner in which VWM was conceptualized in the current study (via the VWMI of WMS-IV) may not be representative of how VWM manifests in the lives of study participants, thus difficulties in VWM functioning may not be detected by the VWMI. Barkley (2012) has conceptualized AWM to be an individual's ability to self-speak (i.e., talk to oneself and using the mind's voice) and VWM as the ability to see oneself or use visual imagery along with other forms of self-directed sensing. Obviously, these conceptualizations differ greatly from the conceptualization of AWM and VWM of the WAIS-IV and WMS-IV, respectively, and could explain why the current study did not find either AWM or VWM deficits.
Within-group analyses of AWM and VWM functioning revealed that the groups containing participants with an LD demonstrated weaker AWM compared with VWM functioning. The size of these effects were large and moderate in size for the LD only (d = −0.85) and comorbid ADHD and LD groups (d = −0.53), respectively. Again, the ADHD only group did not demonstrate any differences. Between-group comparisons show that LD exhibited a differential and detrimental influence on the WM functioning of college students above and beyond the effects of ADHD alone. As the majority of individuals in the LD only group had a reading disorder, these results are likely applicable to them and may not hold for individuals with other types of LD. Much of the extant research seeking to delineate the core characteristics of LD, especially reading disabilities, has primarily focused on phonological processing (Swanson & Hsieh, 2009 ). This literature suggests that phonological processing deficiencies are the primary cause of the academic deficits associated with LD. Still other research by Swanson and Siegel (2001) asserts that WM deficiencies are the main cause of LD. The current research indicates that AWM may help discriminate LD from ADHD. Indeed, these results argue that if an individual with ADHD demonstrates deficits in AWM functioning they may also have an LD and further assessment may be warranted. The current results also suggest that accurate assessment of AWM functioning is critical to more fully understanding LD.
ADHD Subtype Analysis
The current study was able to investigate the effect, if any, ADHD subtype had on AWM and VWM functioning. Within the ADHD only group, there were no AWM or VWM functioning differences in participants with either a predominantly inattentive type diagnosis or a combined type diagnosis. These results are consistent with Murphy et al. (2001) that found no subtype differences in WM. In this same group, participants with a combined type diagnosis demonstrated weaker AWM compared with VWM functioning (d = 0.85). Thus, an individual with comorbid diagnoses of ADHD combined type and an LD may demonstrate deficits in AWM.
Influence of AWM and VWM on Academic Abilities
To address the question of which component of WM is most crucial to reading and math abilities, the current study constructed GLMs to measure the incremental predictive ability of both AWM and VWM functioning after GAI was controlled. Overall, VWM functioning did not significantly contribute to the prediction of any of the academic skills in this sample. More specifically, results showed that, for reading fluency, neither WM domain accounted for a significant proportion of the variance associated with reading fluency abilities beyond those attributed to the effects of GAI and group. Similarly, when reading comprehension ability was predicted by AWM and VWM, neither domain exerted a significant effect beyond GAI. Thus, WM broadly does not appear to contribute to reading abilities in these groups. When predicting both math fluency and math calculation skills, however, AWM functioning significantly contributed to participants' abilities above and beyond GAI but VWM did not. When considered together, these results provide evidence that VWM, as measured this way, does not appear to have much predictive value in assessments of attention and/or learning disorders. It should be noted, however, that the measures of academic ability used in the current study are relatively simple compared with the reading and math demands placed on college students, and this difference in complexity may explain why the current study did not find VWM functioning contributions. More difficult measures of academic achievement that are more similar to what college students do regularly may require VWM functioning to a greater degree and would elicit VWM contributions in analyses.
Limitations
The current study has several limitations that should be kept in mind when interpreting its results. First, although all participants underwent a comprehensive neuropsychological evaluation by a licensed psychologist, evaluation procedures varied based on referral concern and specific assessment measures varied based on the preferences of individual psychologists. The use of identical evaluations would ensure that diagnoses were made reliably across psychologists. Second, the current study sample was highly specific. Participants were not only college students but were college students seeking academic accommodations. Previous research has shown that most individuals with ADHD and/or LD do not attend 4-year postsecondary institutions, and when they do, most do not seek accommodations (Newman et al., 2011) . Thus, these results may not be generalizable to the broader adult ADHD and LD populations and may not generalize to other college students with ADHD and/or LD who do not seek accommodations because the current participants may possess distinct characteristics compared to college student with ADHD and/or LD who do not seek accommodations. Third, the current study did not have a normal control group against which groups with individuals with ADHD and/or LD could be compared. Although participants with ADHD and/or LD would reasonably be expected to demonstrate weaker WM and academic abilities than a normal control group, the ability to make these comparisons would allow for the statistical measurement of the effect each domain of interest has on the affected groups. Fourth, the current study measured AWM using the WAIS-IV WMI, which is made up of the Digit Span and Arithmetic subtests. The Arithmetic subtest includes a mathematical ability component and may not be a pure measure of WM. Thus, our findings that AWM predicts both math fluency and calculation abilities may be attributable, in part, to the math component inherent to the Arithmetic subtest. Fifth, the current study used an embedded performance validity test to assess for possible suboptimal effort by participants. Although the RDS has been shown to be an adequate measure of effort, the use of a standalone validity measure like the Word Memory Test (Green, Lees-Haley, & Allen, 2002) would have provided more robust protection against possible suboptimal effort. Finally, there exists a small possibility that study participants received their ADHD and/or LD diagnoses due to confirmation biases on the part of the licensed psychologists as the WM measures used in the neuropsychological evaluations were known to the psychologists. However, diagnoses were obtained using a multi-method, multi-informant approach that also considered each participant's developmental history, so the likelihood of confirmation bias in the diagnostic process is small. Additionally, the evaluations used to assist in determining participant diagnoses were conducted without knowledge of the hypotheses of the current study and were, in fact, completed prior to the formulation of the current study.
Implications for Practice and Future Directions
As VWM did not differentiate study groups, its utility in ADHD assessments warrants further research consideration, but results from the current study do suggest the measurement of AWM functioning alone may be included to help determine the presence of LD. Along these lines, analyses that compare and contrast the VWM functioning results found with rating scales and neuropsychological measures would improve our understanding of the ecological validity of these measures to increase the effectiveness of ADHD and LD evaluations. Furthermore, it would likely be beneficial if future research compared both ways of measuring VWM to determine if rating scales are more effective in detecting differences between the groups and in predicting academic achievement. Such research would allow clinicians conducting these evaluations to save time by only administering the most effective measures, and thus, reduce evaluation costs for clients. Future research that assesses the influence of WM functioning on academic measures that more closely resemble the tasks college students perform is needed to identify the types of WM most crucial to college students' academic success.
